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(57) Abstract 



A method and device are described for the production of foams from two-component 
reactive mixtures using carbon dioxide as expanding agent, by mixing at least one of the 
reactive components with carbon dioxide under pressure. That mixture is then mixed with 
the other reactive component(s) to form a foamable reactive mixture, which is expanded 
and cured to form the final product. The foamable reactive mixture is expanded to ambient 
pressure through at least one fine-meshed screen (2 la, 21b, 21 c). 
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METHOD AND DEVICE FOR THE PRODUCTION OF FOAM 
USING CARBON DTOV IDE DISSOLVED UNDER PRESSURE 

BACKGROUND OF THE INVENTION 

5 The present invention relates to a method and a device for the production of foams 
using as an expanding agent carbon dioxide dissolved under pressure, whereby the 
substance to be expanded is mixed under pressure with preferably liquid carbon 
dioxide and subsequently expanded, with the formation of foam. The expandable 
substances used are in particular liquid starting products for plastics, which cure to 
10 form foamed plastics due to a polyaddition reaction or polycondensation reaction 
which commences after the expansion. The invention relates specifically to 
polyurethane foams. 



15 



In the production of polyurethane foams, a liquid or gaseous expanding agent is 
added to at least one of the reactive components (polyisocyanate and compounds 
containing hydrogen atoms reactive with isocyanate groups, in particular polyols). 
The other component is then added with mixing and the mixture obtained is 
conveyed either batchwise into a mold or continuously on a conveyor belt, where 
the mixture foams and cures. 

For the production of the foam a number of methods have found wide application 
20 in practice. Liquids (such as low-molecular chlorofluoro-carbons, methylene 
chloride, pentane and the like) which evaporate at low temperature are often used. 
These materials evaporate out of the liquid reaction mixture and form bubbles. It 
is also possible to force air into the reaction mixture or into one of the 
components (mechanical foam production). 

25 Finally, in the case of polyurethane foams, water is often added to the polyol 
component as the expanding agent. After mixture with the isocyanate component, 
the water liberates carbon dioxide as the expanding gas by reacting with the 
isocyanate (chemical foam production). 
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Liquid carbon dioxide has already often been proposed as an expanding agent on 
the grounds of environmental acceptability and industrial hygiene and owing to the 
comparatively high solubility of liquid carbon dioxide in the polyol component. 
See, for example, British patent 803,77] and U.S. patents 3,184,419, 4,337,318 
5 and 5,120,770. However, liquid carbon dioxide has not gained acceptance in 
practice, apparently due to the difficulties of producing uniform foams during the 
necessary expansion of the reaction mixture from pressures of between 10 and 20 
bar. The problem is, on one hand, that the carbon dioxide vaporizes relatively 
suddenly so that a very large increase in volume takes place in the reaction 

10 mixture, for example, by a factor of approximately 10, which is difficult to 
control. On the other hand, the reaction mixture tends to inhibit release of the 
carbon dioxide, which can be from 3 to 6 bar below the equilibrium vapor 
pressure of C0 2 at the relevant temperature, so that a sudden explosive release of 
carbon dioxide occurs, with the result that large voids or bubbles are enclosed 

1 5 within the foam. 

According to company literature from the Cannon Group, the problem of 
expansion by means of liquid carbon dioxide can be overcome by adding oxygen 
to the reaction mixture to form bubble nuclei, by carrying out the expansion in 
stages and by creating a special device for depositing the foam. Details of the 
20 method have not as yet been published and are not known. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure I illustrates the principle of the present invention. 

Figure 2 is a schematic drawing showing the method of the present invention. 

Figure 3 shows one embodiment of the expanding device of the present invention. 

25 Figure 3a shows a modification of the device of Figure 3. 

Figures 4 and 4a show devices for producing block foam. 

Figure 5 shows another embodiment of the expanding device of the present 
invention, with Figure 6 showing a cross section AA of the device of Figure 5. 
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Figure 7 shows a cross section of a device similar to that shown in Figure 5. 

Figures 8 and 9 show another embodiment of the expanding device of the 
invention. 

Figure 10 shows the use of the device of Figures 8 and 9 for producing block 
5 foam. 

Figure 11 shows a device similar to that shown in Figure 8. 

Figure 12 shows an arrangement similar to that shown in Figure 10. 

DESCRIPTION OF THE INVENTION 

The present invention is based on the finding that a large number of microscopic 
10 bubble nuclei are successfully produced when the reaction mixture is exposed 
during expansion to high shear rates of the order of from 500/sec to 5,000/sec. 
According to the invention, the reaction mixture containing liquid carbon dioxide 
is passed through a fine-meshed net, thereby expanding it. The shear rate should 
be preferably from 800/sec to 2,000/sec. 

15 The present invention provides a method for the production of foams from 
multicomponent plastics, in particular two-component plastics, using carbon 
dioxide as expanding agent, by mixing at least one of the reactive components 
with carbon dioxide under pressure, mixing the component containing the carbon 
dioxide with another reactive component or the second reactive component under 

20 pressure, expanding the mixture and curing, wherein the mixture of reactive 
components containing the carbon dioxide is expanded at ambient pressure 
through at least one fine-meshed screen. 

As used herein, the phrase, "mixture containing liquid carbon dioxide" means a 
homogeneous liquid under a pressure of at least 4 bar, wherefrom carbon dioxide 
25 is released after expansion to a pressure of less than at least 4 bar. The mixture 
containing liquid carbon dioxide can be prepared by dissolving gaseous or solid 
carbon dioxide in at least one reactive component or by mixture with liquid 
carbon dioxide. 
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Suitable fine-meshed screens are of steel or textile fabric which is resistant to the 
reaction mixture, which have mesh sizes of from 0.025 to 0.3 mm, preferably from 
0.05 to 0.2 mm, and most preferably from 0.05 to 0.15 mm. 

During the passage of the reaction mixture through screen, a velocity profile is 
impressed on the reaction mixture which gives rise to the high shear necessary for 
the production of bubble nuclei. At the same time, a very homogeneous density of 
bubble nuclei is produced by subdividing the flow of the reaction mixture 
according to the invention into a large number of individual flows during the 
passage through the screen, with each flow according to the invention being from 
0.005 to 0.2 ml/min and the shear occurring in each individual flow. 

Furthermore, for the favorable formation of bubble nuclei and of foam according 
to the invention, it has been found that from 60 to 80% of the screen surface is 
advantageously covered by the actual screen wire itself, that is, the clear width of 
the screen is only 20 to 40%, so that following passage through the screen there is 
a sufficiently large space between the individual flows of the material for a sudden 
explosive lateral expansion of the flow of material to take place, due to the 
formation of gas bubbles, without a significant sudden increase in the forward 
velocity. 



According to the invention, perforated plates having a large number of orifices, 
20 with the sum of the diameters of the orifices amounting to a clear width of from 
10 to 40%, preferably from 20 to 30% of the perforated plate, are also suitable as 
screens. Depending on the thickness of the plate and hence the depth of the 
orifices, the diameter of the orifices can also be larger than the mesh size given 
above for the screen fabric if, due to the depth of the orifices, a sufficiently large 
25 drop in pressure during the passage through the orifice is ensured. Although 
perforated plates provide a greater mechanical stability than does fabric, perforated 
plates are less preferred, because with perforated plates caking of cured 
polyurethane can occur in the clearance volumes of the flow above and below the 
plate. 

30 The viscosity of the reaction mixture containing liquid carbon dioxide can be from 
200 to 2,000 mPa.s, preferably from 300 to 800 mPa.s. Taking the viscosity into 
consideration, the shear stress of the mixture during the passage through the screen 
is preferably from 200 to 1,000 Pa. 
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The required pressure of the reaction mixture prior to the passage through the 
screen is dependent on the quantity of liquid carbon dioxide dissolved. Thus the 
equilibrium pressure is 7 bar at a carbon dioxide content of 2% by weight in the 
reaction mixture, and 1 1 bar at a carbon dioxide content of 4% by weight in the 
reaction mixture (the temperature of the reaction mixture is the same as the 
ambient temperature). According to the invention, the pressure of the reaction 
mixture prior to the passage through the screen is preferably 1.1 times to 1.8 
times, particularly preferably 1.3 times to 1.6 times, the equilibrium pressure. In 
this connection the equilibrium pressure is the pressure where a carbon dioxide 
atmosphere present above the reaction mixture is in equilibrium with the dissolved 
carbon dioxide. 



A pressure in excess of the equilibrium pressure is necessary prior to the passage 
through the screen, so that the mixture is still homogeneous on entering the 
screen, that is, that there is still no formation of gas bubbles prior to the passage 
through the screen. However according to the invention, preferably immediately 
prior to the mixture entering the screen, the pressure can be throttled from above 
equilibrium pressure to a pressure below the equilibrium pressure. Throttling can 
be by means of a perforated or slotted plate arranged at a distance of 0.5 to 3 mm 
from the screen, with the width of the orifices being from 3 to 15 mm and the free 
surface of the passage being from 1 to 10% of the surface of the perforated plate. 
The pressure of the mixture prior to entering the screen is preferably from 0.5 to 
0.8 of the equilibrium pressure. 



Because of the outstanding effect, in relation to the formation of bubble nuclei, of 
expanding the reaction mixture through the screen, the concomitant use of air or 
oxygen is unnecessary according to the invention. 



According to the invention, immediately after the passage of the reaction mixture 
through the screen, a liquid polyurethane foam (froth) having a density of from 50 
to 80 kg/m 3 is successfully produced with a charge of from 2 to 3% by weight of 
C0 2 based upon the weight of the reaction mixture. To produce foams having 
even lower densities, it is preferable additionally to use as an expanding agent 
water, which also produces carbon dioxide as an expanding gas in a reaction with 
isocyanate. By this means flexible foams having bulk densities of less than 15 
kg/m 3 are successfully produced. 
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Although according to the invention it is in general sufficient to expand the 
reactive mixture through a single screen, it can be useful, and according to the 
invention preferable, to arrange several screens in tandem. On the one hand, 
industrial plants for the production of foam demand relatively high flow rates of 
5 reaction mixture, for example, in the range of from 40 to 100 l/min, so that the 
screen area has to be correspondingly large. Here at the pressures to be released 
considerable loads, which can be in the region of several tons, are exerted on the 
screen. The load on the individual screen can be correspondingly reduced by the 
arrangement of several screens- in tandem: On the other hand where only a single 
10 screen is used it has on occasion been observed that the foam is insufficiently 
homogeneous. This is attributed to the fact that the formation of bubble nuclei is 
associated with a definite relaxation time which, during the very rapid expansion 
through only one screen, may not always be exceeded by the shear time. 

According to the invention, therefore, preferably at least two screens, particularly 
1 5 preferably 2 to 5 screens in tandem are used. The screens are preferably not more 
than 5 mm apart, particularly preferably from 0.5 to 3 mm apart. 

The invention is explained in more detail below with the aid of the attached 
Figures. Figure 1 illustrates the principle according to the invention of producing 
high shear during the passage through the screen. The enlarged cross-section 
20 through filaments la to Id of the screen running perpendicular to the plane of the 
drawing is shown. In addition the velocity profiles 2, 3 and 4 of the reaction 
mixture are shown at the distances A, B and C from the mid-plane of the screen. 

Figure 2 shows schematically in general form the method for producing poly- 
urethane foam. Polyol is pumped from a storage tank I via a metering pump 2 
25 into the static mixer 3. Liquid carbon dioxide is also fed from the tank 4 via the 
heat exchanger 5 to the static mixer and here mixed with the polyol. The mixing 
in the static mixer 3 is carried out preferably at a pressure P of from 60 to 150 
bar, measured at the outlet of the static mixer. The use of the heat exchanger 5 
ensures that the reaction mixture remains below the critical temperature of 3l°C, 
30 even after possible heat uptake from pumps and mixing units. The mixture of 
polyol and liquid carbon dioxide is fed to the mixing head 6, where mixing with 
the isocyanate (arrow 7) and other additives such as foam stabilizers (arrow 8) 
takes place. The expanding device 10 according to the invention is flange-mounted 
at the outlet 9 of the mixing head 6. 
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Figure 3 shows an embodiment of the expanding device 10 according to the 
invention. The expanding device consists of a tube 18, which can optionally have 
an enlargement and wherein screens 21a, 21b and 21c can be fastened at the ends 
by the threaded joint 19. The screens are pressed against one another by means of 
5 distance plates 22a to 22d made of a soft metal such as aluminum or" copper. The 
reaction mixture containing liquid carbon dioxide encounters the screens in the 
direction of the arrow 23 and leaves as a liquid foam along arrows 24. 

Figure 3 a shows an embodiment of the expanding device according to the 
invention as in Figure 3, wherein a baffle 60 having several orifices 61 is arranged 
10 at a small distance in front of the screen. The orifices define a free cross-sectional 
' area equal to 4% of the perforated plate. 

Figure 4 shows an arrangement according to the invention for the production of 
block foam using the foam-forming device according to the invention. From the 
mixing head 6 the reaction mixture passes through the foam-forming device 10, 

15 leaves as liquid foam 30 and is deposited on the lower lining sheet 31, which runs 
on a conveyor belt (not shown). The upper lining sheet 32 is guided over a roller 
33 which dips into the foam which is deposited on the lower lining sheet 31 and 
thereby transported, so that a barrier 34 is formed which serves to distribute the 
foam over the width and to prevent the admission of air into the space between 

20 the lining sheets 31 and 32. After passing under the roller 33, the foam begins to 
expand further owing to the chemical reaction which now starts (35). 

Figure 4a shows an arrangement for the production of block foam as in Figure 4, 
but with an auxiliary lining sheet 50 being conveyed from above in the direction 
towards the lower lining sheet 31. The auxiliary lining sheet 50 is drawn along the 
25 lower lining sheet 31 by means of a roller 51 and is led back and wound again 
round roller 52. The liquid foam 30 is conveyed into the trough 54 formed by the 
essentially vertical upper lining sheet 32 and the auxiliary lining sheet 50. 



30 



Figure 5 shows an alternative embodiment of the expansion screen 10 according to 
the invention in cross-section. In this embodiment the expanding device is 
constructed in the form of two concentric tubular screens 21a and 21b. The 
reaction mixture containing liquid carbon dioxide is fed along arrow 23. The foam 
passes out over the entire circumference of the tubular screens. The tubular 
screens 21a and 21b can be of diameters in the range of only a few centimeters. 
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Their length can be adjusted to the width of the block foam to be produced, so 
that the foam is directly distributed over the width of the conveyor belt (Figure 4). 
By means of such a symmetrical rotary arrangement of the screens far larger 
screen surfaces can be provided without serious problems of stability. 

5 Figure 6 shows a cross-section AA through the device as in Figure 5. 

Figure 7 also shows a cross-section through the device as in Figure 5 but with a 
cover 25 being provided so as to ensure that the exit of the foam is directed only 
within a segment indicated by the arrows 24, while maintaining the mechanical 
stability of the symmetrical rotary screens 21a and 21b. The cover unit 25 consists 
10 of a tube of the same length as the tubular screens, from which has been removed 
a paraxial segment of, for example, 90°. Where two screens in tandem are 
employed, the cover unit can be bonded between them or else mounted outside. 

Figures 8 and 9 show a device 10 according to the invention consisting of a steel 
tube 26 closed on both sides, out of which a paraxial segment is drilled to receive 
15 the curved screen surfaces 21a and 21b. The curved steel screens can, for 
example, be welded on (27). The reaction mixture containing liquid carbon dioxide 
is fed along arrow 23 through the attached tube 18. The foam leaves along arrows 
24. The width of the device can correspond to the width of the block foam to be 
produced. 

20 Figure 10 shows the use according to the invention of the screen devices as in 
Figures 8 and 9 for the production of block foam. The foam-forming device 10 is 
positioned between the deflection drums 40 and 41 which guide the lining sheets 
31 and 32. Here the lining sheets 31 and 32 are preferably guided so that they 
slide past the foam discharging device 10, so that the admission of air between the 

25 sheets 31 and 32 is prevented. In the interest of clarity of presentation, the sheets 
31 and 32 have been shown at a distance from the foam-discharging device. 

Figure 1 1 shows a device similar to that in Figure 8, but with the tube 26 being 
open at both sides and the reaction mixture being supplied through tubes 18 
attached at both sides. The advantage of this embodiment of the invention is 
30 apparent from Figure 12. 
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Figure 12 shows an arrangement similar to Figure 10, but with the upper lining 
sheet 32 being guided over the side of the tube 26 turned away from the screen, 
so that the supply tubes 18 encompass the lining sheet 32. The deflection drums 
40 and 41 can be arranged so that they are in contact with one another and thus 
form a space between the lining sheets 31 and 32 which is closed towards the 
rear. 

Although the invention has been described in detail in the foregoing for the 
purpose of illustration, it is to be understood that such detail is solely for that 
purpose and that variations can be made therein by those skilled in the art without 
departing from the spirit and scope of the invention except as it may be limited by 
the claims. 
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i. 



WHAT IS CLAIMED IS 

1. In a process for the production of foams from at least two reactive 
components using carbon dioxide as expanding agent, comprising mixing at least 
one of the reactive components with carbon dioxide under pressure thereby 
5 producing a mixture containing liquid carbon dioxide, mixing the resultant mixture 
with the other reactive component to form a foamable reactive mixture, expanding 
the reactive mixture and curing the resultant foam product, the improvement 
wherein the foamable reactive mixture is expanded with subdivision into a large 
number of individual flows at shear rates of above 500/sec. 

10 2. The process of Claim I, wherein said expansion is conducted by 

passing said reactive mixture through at least one fine-meshed screen. 

3. The process of Claim 2, wherein said screen has a mesh size of 
from 0.025 to 0.3mm. 

4. In a device for the delivery of a foamable, two-component reactive 
15 mixture, which contains liquid carbon dioxide, from a mixing device where the 

reactive components are mixed into a mold or onto a conveyor belt, the 
improvement wherein at least one fine-meshed screen is located between the mold 
or conveyor belt and the mixing device. 
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